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 Introduction
 
 The application of GIS in Historical research is a relatively 
new field since GIS technology has been mainly applied to natural 
sciences. However, there exist several examples of the utilization of 
GIS, with an increasing frequency, where the use of this technology 
has been appreciated for the analysis of historical data of a very 
diverse nature. A field where the use of GIS is becoming increasingly 
common is the demographic studies,198 as well as in archaeological 
research199. Owing to their ability to analyze spatial components, 
GIS have been proven very useful in the study of mapping histo 
198 George William Skinner, Mark Henderson and Yuan Jianhua, “China’s Fertility Transition 
through Regional Space: Using GIS and Census Data for a Spatial Analysis of Historical Demography,” 
Social Science History 24 (2000): 613-652.
199 Kathleen M. Allen, Stanton W. Green, and Ezra B.W. Zubrow, eds., Interpreting Space: GIS and 
Archaeology (London: Taylor and Francis, 1990), 398.
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rical boundaries200, as well as in migration analysis201 or urban 
form studies. Examples of the use of GIS are also found in regional 
economic analysis.202 
 Other fields where GIS are widely used are the development 
of education-oriented electronic atlases, such as de ECAI Project 
- Electronic Cultural Atlas Initiative. It is worth mentioning other 
initiatives that approach new topics such as the potential uses of 
GIS on the history of print culture.203 Those are only a few examples 
of the wide range of applications of GIS in historical research. 
Building a spatial database implies an abstraction process in order 
to go from real world complexity to a simplified representation that 
is accessible to the computer’s language; in this case, the reality 
historians try to reconstruct based on data gathered from diverse 
sources is related with Self-Organizing Networks of the First Global 
Age (1400-1800).
 The decision to create a Geographic Information System 
(GIS) to handle such great volume of heterogeneous information 
from the DynCoopNet project (Dynamic Complexity of Cooperation-
200 Onno Boonstra, “Mapping the Netherlands, 1830-1994: !e use of NLKAART,” in Coordinates 
for Historical Maps, ed. Michael Goerke (Göttingen, Germany: Max-Planck Institute, 1994). 156-61. Loren 
J. Siebert, “Using GIS to Document, Visualize, and Interpret Tokyo’s Spatial History,” Social Science History 
24 (2000): 537-574; Ian Gregory and Humphrey R. Southall, “Putting the past in its place: !e Great Britain 
Historical GIS,” in Innovations in GIS 5, ed. Steve Carver (London: Taylor & Francis, 1998), 210-221.
201 Ian Gregory, “Longitudinal Analysis of Age- and Gender- Speci"c Migration Patterns in 
England and Wales: A GIS-Based Approach,” Social Science History 24 (2000): 471-503. Steve Hochstadt, 
“Outdated geographical models of migration” (paper presented at the Social Science History Association 
conference, Fort Worth, TX, November 13, 1999); Moch, L. P., “Overcoming inmobility: Source, method, 
and ideology in the study of French migration” (paper presented at the Social Science History Association 
conference, Fort Worth, TX, November 13, 1999)
202 Richard G. Healey and Trem R. Stamp, “Historical GIS as a Foundation for the Analysis of 
Regional Economic Growth !eoretical, Methodological, and Practical Issues,” Social Science History 24 
(2000): 575-612.
203 Bertrum M. MacDonald, and Fiona, A. Black, “Using GIS for spatial and temporal analysis in 
print culture studies: some opportunities and challengues,” Social Science History 24 (2000): 505-536.
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Based, Self-Organizing Networks in the Global First Age) was based 
on the data’s spatio-temporal component. That is to say, most of these 
data can be georeferenced to a specific date and location, which 
will facilitate to carry out complex analyses with the GIS which 
will help to understand the organization of those networks, their 
operations and impacts in a time period covering four centuries 
of history, as well as to represent the results graphically through 
thematic cartography by making use of the GIS geovisualization 
potentials. Understanding the functioning and the mechanisms that 
led to the evolution of self-organizing, complex, social networks in 
the First Global Age necessarily implies an understanding of the 
changes that occurred in these networks throughout space as well 
as throughout time. Hence the need to approach these questions 
from a spatio-temporal conceptual framework that can be 
translated into a GIS that is capable of handling both dimensions. 
In this sense GIS, which have been mostly used so far in the field of 
natural sciences, are beginning to greatly appeal to researchers in 
the field of human and social sciences owing to their potential for 
handling great volumes of information as well as their visualization 
and analysis.204 
 The creation of a GIS implies a series of phases, 
such as conceptualization, design, or implementation. The 
conceptualization phase is one of the most important since in it 
we define, among others, the objects or entities that will make up 
the system, their attributes and their relationships; they are also 
hierarchically structured, codified when necessary and assigned a 
way of representation. In GIS, a data model is the abstraction of the 
204 J. B. “Jack” Owens, “Toward a geographically-integrated, connected world history: employing 
geographic information systems (GIS),” History Compass 5 (2007): 2014-2040.
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real world phenomena according to a formalized, conceptual 
scheme, which is usually implemented using the geographical 
primitives of points, lines and polygons or discretized continuous 
fields.205 Therefore, a data model should define data type, 
relationships, operations and rules to maintain database integrity.206 
Besides, the way data are accessed also has to be defined. The 
fundamental pillar on which to build a historical GIS such as that 
in the present project is to design a solid, consistent conceptual 
data model that integrates all data and is scalable and with great 
potential, capable of responding to any questions and scientific 
objectives raised by the end user. Therefore, the ability of the GIS 
to exploit the information stored will depend on the design of the 
data model, hence the importance of devoting to this phase as 
much time as needed and of working in a team with historians and 
specialist technicians that are proficient in this type of technology.
 The following phase is the design one, where the analytic 
operations to be carried out in the system are defined and a 
physical data model is created which materializes into a specific 
database and a data structure for the spatial data. In the case of 
DynCoopNet, since the issue is that networks and their dynamics 
have to be studied throughout time, during the planning stage for 
the development of the GIS a vectorial model has been chosen since 
it is more efficient than the raster model. The vectorial model is 
based on spatial objects which are represented as points (e.g.: ports, 
cities), lines (e.g.: routes of ships) or polygons (e.g.: mercantile 
areas, countries), on their properties and the topological relation-
205 Peter A. Burrough and Rachael A. McDonnel, Principles of Geographical Information Systems 
(New York: Oxford University Press, 1998).
206 S. Nadi and and M. R. Delavar, “Spatio-temporal modeling of dynamic phenomena in GIS”, in 
ScanGIS 2003 Proceeding (2003), 215-225.
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ships established among them, whereas the raster model places 
the emphasis on localizations themselves, dividing the space into 
equal-size pixels to which diverse alphanumeric information is 
attached.207 The vectorial model is more adequate for historical 
analyses since it handles events better than the raster model and 
thus represents in a better way human activity and the causes 
and consequences of the changes in a specific process, etc. The 
vectorial model also allows for a more detailed granularity when 
approaching reality, such as, for instance, in the representation of 
the routes of the ships’ trips in which a complete analysis can be 
carried out taking account of the ports of departure and arrival, or 
make approaches to each stage of the journey down to the highest 
level of detail by modifying the scale of analysis, stopping at the 
ports of scale where events, deals or relations of cooperation took 
place.208 
 The last phase is the implementation, the system created, 
which is a physical translation of the conceptual model, it is perfectly 
integrated  with ArcSDE®, a  tool that stands half  way between a 
data model and  a  geo-visualization and space analysis tool  used  in 
this  project, ArcGIS®. The technical team  has chosen PostgreSQL to 
store data, a sophisticated open source Object-Relational Database 
Management System (DBMS). This  system allows, once the model is 
implemented in a database, an immediate connection by  the user 
and the possibility to carry out studies and analysis on the data sets. 
Certain studies and analyses will be available directly from the
207 Donna J. Peuquet, “It´s about time: a conceptual framework for the representation of temporal 
dynamics in Geographic Information Systems,” Annals of the Association of American Geographers 84 
(1994): 441-461.
208 Mónica Wachowicz, “Modelos Conceptuales de Base de Datos Espacio-Temporales,” (paper 
presented at I Seminario de Historia y SIG, Centro de Ciencias Humanas y Sociales, CSIC, Madrid, July 3, 
2009).
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 system whereas others will require certain preparation of the data 
sets based on auxiliary tables and external tools. The materialization 
of the conceptual model in a spatial database and the potentiality 
of the GIS will allow, among other things, to model the cooperation 
relationships among agents, the commercial flows, the dynamics of 
the commercial networks and their degrees of cohesion.
 A review of the spatio-temporal models for GIS 
applications
 One of the early contributions that approaches the 
question of integrated time in GIS is that by Gail Langran. This 
author contributes examples of applications where the temporal 
component becomes very important.209 Spatiotemporal data is 
spatial data that changes with time, so spatiotemporal data is a 
series of spatial data changes.210 GIS have at their disposal a great 
deal of tools for analyzing great volumes of information. Any 
data that is to be integrated into a GIS is made up of three inter-
related components - attributes, space and time.211 The attributes 
or properties of objects answer questions like ‘What?’, the space 
reply to ‘Where?’ and the time to ‘When?’ ones212 (Peuquet, 1994). 
However, most commercial software does not implement temporal 
209 Gail Langran, Time in Geographic Information Systems (London, Washington, DC: Taylor & 
Francis, 1992).
210 Mohd Shafry Mohd Rahim, Abdul Rashid Mohamed Shari$, Shattri Mansor, and Ahmad 
Rodzi Mahmud, “A review on spatiotemporal data model for managing data movement in geographical 
information systems (GIS),” Jurnal Teknologi Makluma, 17 (2005): 91-100.
211 Ian N. Gregory, A Place in History: a Guide to using GIS in Historical Research (Oxford and 
Oakville: Oxbow Books, 2003).
212 Donna J. Peuquet, “It´s about time: a conceptual framework for the representation of temporal 
dynamics in Geographic Information Systems,” Annals of the Association of American Geographers 84 
(1994): 441-461.
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functionalities; traditionally, GIS have made approaches of the 
modelization of reality which are static since including the time 
factor greatly adds to the system’s complexity. The temporal 
component cannot be dissociated from the spatial one hence the 
need for the Geographic Information Technologies to develop new 
spatio-temporal models and software that are capable of handling, 
exploiting and visualizing those data that comprise both components 
in a most efficient manner. Several authors already express the 
need for creating ‘dynamics GIS’ that can represent, analyze, and 
model geographic dynamics —reality is dynamic, not static—, and 
which are capable of handling more complex data sets213 as well 
as give answers to spatiotemporal questions on objects and the 
information sets that define these objects, that is, their position, 
their time and their attributes. In this author’s opinion, a dynamics 
GIS needs to make the connections across multiple themes and 
scales through spatiotemporal integration. One of the most recent 
proposals along these lines is what Pultar et al have denominated 
the dynamic GIS based on space time points.214 
 According to D. J. Peuquet a GIS that integrates the temporal 
component should be capable of answering questions of three 
different types – that referring to the object itself or spatial entity 
(e.g. ‘where did merchant Mr. X carry out his commercial activity 
between 1737 and 1785?’); those related to the changes in the spatial 
distribution of the objects (such as ‘along what routes did the Dutch 
frigate ‘El Jacobo’ travel between 1751 and 1755?’); and lastly those 
referring to the changes in the spatial relations among multiple 
213 May Yuan, “Dynamics GIS: recognizing the dynamic nature of reality. In GIS best practices: 
essays on geography and GIS,” ArcNews 30 (2008), http://www.esri.com/library/bestpractices/essays-on-
geographygis.pdf.
214 Edward Pultar, !omas J. Cova, May Yuan and Michael F. Goodchild, “EDGIS: a dynamic GIS 
based on space time points,” International Journal of Geographical Information Science 24 (2010): 329-346.
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phenomena of a greater complexity (e.g. ‘in the Indo-Pacific system, 
what was the relationship between the perception of the ports 
gained by the Europeans through the cartography at the time and 
the actual commercial volume at the ports used by the Dutch East 
India Company – VOC in the 17th century?’.
 The efforts made for the last two years to integrate the 
temporal component in conventional GIS have focussed on 
addressing some of the following aspects in order to improve queries: 
Spatio-temporal Data Model, query languages, geovisualization, or 
indexing. But what have been the real advances for the last few 
years?
 Regarding spatio-temporal data models, the majority of 
those proposed have been developed to solve specific issues, hence 
the difficulty to adapt them to address other issues. Conventional 
GIS have mostly used relational-database management systems for 
data management, but these have proven inefficient when handling 
space and time simultaneously. One of the major limitations lies 
in the inability for the relational model to understand “types”, 
that is, combinations of simple data that conform a single unit, 
known as object. The development of spatio-temporal models 
involves including more complex objects as well as the handling 
of multi-dimensional concepts. The way ahead has been, then, the 
integration of time in Relational DDBB and then in Object Relational 
DDBB, which are more efficient in this regard. Mohd Rahim et al 
have carried out a review of the main models and a comparative 
analysis that comprise nine of them:215 GEN-STGIS, Cell Tuple Based 
Spatiotemporal Data Model, Cube Data Model, Activity Based Data
215 Mohd Shafry Mohd Rahim, Abdul Rashid Mohamed Shari$, Shattri Mansor, and Ahmad 
Rodzi Mahmud, “A review on spatiotemporal data model for managing data movement in geographical 
information systems (GIS),” Jurnal Teknologi Maklumat, , 17 (2005): 91-100.
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Model, Object Based Data Model, Data Model for Zoning, 
Object Oriented Spatial Temporal Data Model, Multigranular 
Spatiotemporal Data Model, and Feature-Based Temporal Data 
Model. A further proposal for a model has been made by Peuquet 
and Duan which is based on time as its organizational basis, and 
thereby intends to facilitate analysis of temporal relationships and 
patterns of change through time; its name is Event-based Spatio 
Temporal Data Model (ESTDM).216 
 Other research teams are making progress in the subject 
of spatio-temporal visualization treating it as a scientific discipline 
in itself. The space-time cube, as propagated by Hägerstrand and 
others,217 is the first concept. Andrienko et al218 review some of the 
approaches that are most widely used in the field of geovisualization 
of series of spatio-temporal data, and Andrienko and Andrienko219 
propose new developments that are a combination of fields such as 
cartography or statistics – the so-called time maps, which represent 
the values of a specific attribute at a precise moment but which 
have controls that enable the user to modify the time line and move 
to the desired moment in time. The evolution is visualized in a map 
animation, in map series that visualize in a common framework 
various theme maps in different time spots in order to compare 
them visually, or in value flow maps, which represent the evolution 
216 Donna J. Peuquet and Niu Duan, “An event-based spatiotemporal data model (ESTDM) for 
temporal analysis of geographical data,” International Journal of Geographical Information Science 9 (1995): 
7-24.
217 Torsten Hägerstrand, “What about people in Regional Science?,” Papers of the Regional Science 
Association 14 (1970): 7-21.
218 Natalia Andrienko, Gennady Andrienko and Peter Gatalsky, “Exploratory spatio-temporal 
visualization: an analytical review,” Journal of Visual Languages and Computing 14 (2003): 503-541.
219 Natalia Andrienko and Gennady Andrienko, “Interactive visual tools to explore spatio-
temporal variation,” in Proceedings of the working conference on Advanced visual interfaces (Gallipoli, Italy: 
ACM, 2004).
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of a specific attribute throughout time in specific locations through 
the inclusion of charts in those locations. These are examples of 
approaches.
 When an object’s evolution is studied throughout time, its 
changes can be in terms of geometry – such as the modification of a 
region’s administrative limits – which in turns modifies the object’s 
topological relation to its neighbours; it can change in terms of 
position – when, for instance, an agent moves locations or a ship 
travels along a route; or it can change in terms of alphanumeric 
attributes – e.g. the change of an agent’s administrative functions 
throughout time, or of his/her titles of nobility or neighbourhood220. 
On other occasions, changes imply modifying the combinations 
of those basic typologies, increasing the model’s complexity, its 
analysis and representation, because all these changes have to 
be stored in the spatio-temporal database. Sometimes changes 
are referred to as events. Both space and time are continuous 
variables, but in order to be studied they must be simplified and 
divided into discrete units for ease of analysis; out of this necessity 
arise the concepts of scale and resolution.221 The spatial side has 
been resolved cartographically, and in the case of the temporal 
component it is usually called granularity as it refers to the degree 
of detail with which we approach data, and it will always depend 
on the data collected and the purpose of the investigation.
 By using a temporal granularity defined on a month-year 
scale and a spatial granularity defined in kilometres we will be able 
220 Agnar Renolen, “Temporal maps and temporal geographical information systems” Review of 
Research, !e Norwegian Institute of Technology, 1997.
221 Donna J. Peuquet, “It´s about time: a conceptual framework for the representation of temporal 
dynamics in Geographic Information Systems,” Annals of the Association of American Geographers 84 
(1994): 441-461.
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to observe and represent data on a reference cartographic base 
through a spatio-temporal window defined by the user. Through 
this window a visualization will be possible of the maritime routes 
passing through a port in a certain moment in time as well as the 
goods transported or the roles played by the different agents on a 
trip. In order to facilitate this type of queries the model relies on a 
geographical-point table that stores the space coordinates and some 
temporal attributes on the tables of the model’s main entities: stage, 
ship, agent, cooperation which provide the temporal coordinate. 
In DynCoopNet there are a number of observations related to the 
dynamics of an object (e.g. ship, agent) or object group (e.g. fleet, 
company) throughout time which show their geospatial activity’.222 
These are complex events and can be classed as stationary when 
the object does not change its position in time but does change some 
of its states or attributes (e.g. an agent carries out several relations 
of commercial cooperation with another agent without modifying 
the town where they carry out their trading activity); or as dynamic 
or mobile when the object modifies its position in time as well as 
perhaps its state (e.g. a ship on a route making stopovers where 
commercial exchanges are made changes its cargo of goods). The 
record of all the locations that an object has occupied over a period 
of time is known as geospatial lifeline.223 The objects’ movement 
can be modelled in various ways depending on the chosen 
granularity224. In this sense, the model proposed for integrating the 
222 May Yuan, “Toward Knowledge Discovery about Geographic Dynamics in Spatiotemporal 
Databases,” in Geographic Data Mining and Knowledge Discovery eds. Harvey J. Miller and Jiawei Han, 2 ed. 
(CRC Press, 2009).
223 Mark, D., Egenhofer, M., Bian, L., Hornsby, K., Rogerson, P. and Vena, J., “Spatio-temporal 
GIS analysis for environmental health using geospatial lifelines” (paper presented at the 2nd International 
Workshop on Geography and Medicine, GEOMED’99, Paris,France, 1999).
224 Kathleen Hornsby and M.J. Egenhofer, “Modeling moving objects over multiple granularities,” 
Annals of Mathematics and Arti#cial Intelligence 36 (2002): 177-194.
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project’s databases allows us to launch queries about the geospatial 
lifeline of each agent, commercial company, ship, etc. Each one of 
these objects has an identifier that defines it univocally during its 
whole life.
 
 Data sources
 Therefore the GIS will integrate, based on data from 
various researchers, three spaces clearly differentiated by their 
geographical localization and by their behaviour as commercial 
networks: the Spanish Atlantic of the Indies Trade and its links 
with other mercantile areas (DynCoopNet Crespo Database), the 
Indo-Pacific Trade System (DynCoopNet Picazo Database), and the 
financial system of the Hispanic Monarchy (DynCoopNet Alonso 
Database); each one placed in specific time frames. All gathered 
data are linked to a spatial location as much as to a specific moment 
in time.
 The integration of independent historical data sets in order 
to make global analyses that provide new knowledge in relation to 
trade in such a vast period of time – 15th to 18th centuries – has posed 
a number of technical and conceptual problems. Firstly, when the 
data were originally collected there was no intention of integrating 
them into a GIS, which means that no geographic coordinate was 
collected of the entities capable of being georeferenced – ports, cities, 
stopovers, etc. This task has been undertaken at a later stage. As 
far as the temporal component is concerned, in historical research 
there exists the concept of temporal indeterminacy for the case 
of an event than cannot be assigned to a specific moment in time. 
On other occasions temporal references in source documents are 
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expressed in natural language and are therefore unintelligible to 
computers. A further problem is the fair degree of uncertainty that 
historical sources have where information gaps make it difficult 
for the later analysis of data. If there is one thing that defines all 
three databases that have been integrated in the proposed model, 
that is their high degree of heterogeneity; each one was compiled 
by historians with a specific, independent scientific aim and by 
using different IT tools (text documents, spreadsheets, database 
management systems, etc.). This has led to a great effort being 
made to develop a single model that is common to all of the original 
DDBB, as well as to develop a platform (DynCoopNet Data Provider) 
through which historians are able to migrate their respective data 
from their own systems to this new, proposed one (Fig 1).
Fig 1. Graphic interface of the DynCoopNet Data Provider application. It 
facilitates data migration from their original format to the new system’s 
single data model.
Journal of Knowledge Management, Economics 
and Information Technology 
158
 Here follows a detailed description of the contents and the 
original compilation process of one of the three DDBB integrated so 
far in the model – DynCoopNet Crespo Database, with information 
on the Atlantic and its connection with other areas, such as the 
Caribbean.
 The Spanish Atlantic of the Indies Trade Database 
(DynCoopNet Crespo)
 
 This database contains information on commercial 
individuals, their relations of commercial cooperation, and 
ships, where most of this cooperation took place within a specific 
chronological framework (1648-1778) and a wide geographical 
framework (e.g. a ship could set sail from Gothenburg and stop in 
Cadiz on her way to Manila).
 The choice of sources used for compiling the massive 
amount of information stored in this database has been central to 
the process. As we are aware that not all information available in the 
sources can be collected, especially that on archival sources, only 
the information relevant to this investigation225 has been chosen 
as a greater amount of information does not necessarily guarantee 
the success of the research.226 A great variety of documents have 
been used although they all have in common their reference to 
commercial agents – all documents have been consulted provided 
that there is a reference to an agent participating in a commercial 
activity or cooperation, be it legal or not. Specialized works on 
merchants have been used as well as more general works, together 
225 Francisco Fernández, “La Historia Moderna y Nuevas Tecnologías de la Información y las 
Comunicaciones,” Cuadernos de Historia Económica 24 (2000): 11-31.
226 Jean Pierre Dedieu, “Un instrumento para la historia social: la base de datos Ozanam,” 
Cuadernos de Historia Moderna 24 (2000): 185-204.
Self-organizing Networks and GIS Tools
Cases of Use for the Study of Trading Cooperation (1400-1800)
159
with original documents dating back to the 16th, 17th and 18th 
centuries, such as registers of outbound and inbound trips of fleets, 
lists of passengers to the Indies, registries of merchants, seafaring 
dictionaries, etc. In the process of source selection specialist authors 
were consulted227 as well as the NACOM bibliographic repository, 
which is kept constantly up-to-date. 
 The first premise for selecting sources was primarily that 
they contained data on relationships among merchant communities, 
and secondly that they featured biographic as well as professional 
information on the agents that formed part of those communities 
or were somehow related to them. The same agents can appear on 
different sources, which make it complex to identify them as they 
can be easily mistaken for someone else who bears similar first or 
family names. This difficulty could lead to data duplicity or even 
to the input of contradictory information (e.g. one agent could be 
called White in Amsterdam and have his name changed to Blanco – 
Spanish for White – when settled in Cadiz. Other historical databases 
have also been consulted which deal with commerce-related topics, 
such as ‘The Trans-Atlantic Slave Trade Database’228, ‘The Soundtoll 
Registres’229, the Colegio San Telmo database in Sevilla230, and the 
‘Van Johannson database for 1784-1800’231; Further, unpublished 
ones have also been consulted as well as others compiled by our 
contributors. They all deal with trade, trips and agents, although 
227 Enrique Chávarri and Jesús Sobrón, “Base de datos histórica a texto completo” Revista General 
de Información y Documentación 4 (1994): 165-186.
228 Vid. Ut supra chapter 3.
229 http://www.soundtoll.nl
230 Marta García Garralón, Taller de Mareantes: El Real Colegio Seminario de San Telmo de Sevilla 
(1681-1847), 2 vols., Sevilla, 2007.
231 Cf. Werner Scheltjens, “!e volume of Dutch Baltic shipping at the end of the eighteenth century: 
a new estimation based on the Danish Sound Toll Registers”, http://www.rug.nl/sta$/w.f.y.scheltjens/
SCHELTJENS_ICHS_paper.pdf
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they are all peculiar in their own way. Classic works232/233 containing 
lists of vessels and agents have been used too. Original data were 
stored in an Access® database. Its main structure hinges on the 
primary table, named AGENTES, where the individuals’, or agents’, 
biographic data are stored taking into account the various worlds 
they belong to, be them social, economic, etc, as expounded by Jean 
Pierre Dedieu234 
 A study and an individual classification have been done so 
that a later understanding of the collectivity can be gained based 
on the sum total of individuals since, as can be gathered from the 
database, such individuals were related to each other, as ratified 
by Bernd Hausberguer235 and Jean Pierre Dedieu236 - even though 
one merchant is settled in Veracruz and another in Antwerp, 
the networks bring them together under communication, which 
means that this study arises from Prosopography. In relation to 
agents, what is new about this early database is that the research 
conducted did not limit itself to the merchant profession but tried 
to encompass every relevant piece of data related to every agent 
involved in cooperation, such as representatives, corsairs, pirates, 
capitalist partners, agents, consignees and brokers, etc. All these 
are agents participating in cooperation and who are part of a 
global network involved in trade, contraband, looting or any other 
cooperation or commercial activity found in the sources.
232 Pierre Chaunu, Seville et l´Atlantique, 1504-1650, (Paris: Librairie Armand Colin, 1955).
233 Michel Morineau, Incroyables gazettes et fabuleux métaux. Les retours des trésors américains 
d´aprés les gazettes hollandaise, (Paris: Cambridge University Press, 1985).
234 Jean Pierre Dedieu, “Les grandes bases de données: une nouvelle approche del´histoire sociale. 
Le Systeme Fichoz,” Revista da faculdade de Letras HISTORIA, 5. Serie III (2004): 101-114.
235 Bernd Hausberger, “La conquista del empleo público en la Nueva España. El comerciante 
gaditano Tomás Ruiz de Apodaca y sus amigos, siglo XVIII” Historia Mexicana 56 (2007): 725-778.
236 Jean Pierre Dedieu, “Un instrumento para la historia social: la base de datos Ozanam,” 
Cuadernos de Historia Moderna 24 (2000): 185-204.
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 A second table named COOPERACIONES was set up where 
all ways of possible commercial relationships between agents 
were input, such as business, Company, Society, etc. What is new 
about this database is that every type of goods exchange – whether 
legal or otherwise and in slaves, metals or other commodities or 
merchandise - where two or more agents are involved has been 
included in the table. The aim is to be able to track any types of 
commercial networks, hence the fact that agents are not only 
individuals but also societies, institutions, companies etc.
 A further table called ACCIONES was created where all 
actions and activities – lending, representation, etc – that occurred 
within the framework of any relations of cooperation were recorded 
when the historic source provided details on them. This table was 
linked to a further weighty one, that of NAVIOS –vessels. By means 
of using the information related to every ship based on the various 
trips in which the ship was involved, together with the study of the 
relationships among the various agents that participated in those 
trips, a number of cooperative networks have been identified.237 
 Many of the original Access® database’s remaining tables 
store typologies such as places, professions, etc. Choosing the 
four aforementioned tables as primary – AGENT, COOPERATION, 
ACTION and VESSEL – enables us to analyze the various relations 
among agents at commercial, professional and interpersonal 
levels, placing great emphasis on their geographic location, their 
chronologic moment and their degree of kinship, thus defining 
the cooperation networks formed by those agents – such as the 
importance as a merchant of Nicholas Magens, or the relevance 
237 Jeroen van der Vliet, “Watching the Ships Sail Out. Linking Shipping Data from Amsterdam 
and the Baltic” (paper presented at the Sound Toll Registers, First proof, Groningen, June 10-11, 2010).
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of such families as the Roos or the Amsicks whose influence could 
span from Elche to Alicante (two towns very close together) or from 
Cadiz to Manila via Mexico-Tenochtitlan.
 A  crucial  aspect  of  the data used is their temporal 
component. In the majority of cases two different fields were 
allocated, one in data format and a second, text-format, one, for when 
the source did not provide a precise date or this was inconclusive, 
as indicated by Jean Pierre Dedieu.238 The same situation exists 
as far as the spatial component is concerned; two fields were set 
up, one to store the name of the place and a second one for any 
relevant remarks, such as ‘transitory stay in Cadiz’, or when we 
know the old name of the place but not the current one. However, 
in the original database geographic coordinates – longitude and 
latitude - were never recorded. In relation to this component, the 
geographic range of this project is something new, original. Despite 
being based on the Atlantic area, once the sources were consulted 
– specially those referring to trips and family and commercial 
relationships, the networks spread out into the Mediterranean, the 
Pacific and even the Indian Ocean – this is particularly true when 
the agents under study are pirates. The importance of this is that 
despite starting from one pre-defined spatial range, there has been 
no restrictions in terms of the area covered, thus highlighting the 
importance of the cooperative networks that developed in the era 
under study as well as the high degree of globalization attained.
 The field notes and sources can be found in every table so 
that every record is furnished with its own remarks and source 
citation. Even in the tables that simply contain typologies there 
238 Jean Pierre Dedieu, “Un instrumento para la historia social: la base de datos Ozanam,” 
Cuadernos de Historia Moderna 24 (2000): 185-204.
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are fields for notes and definitions for those obsolete, disused or 
simply unknown terms, in order to assist understanding in the face 
of doubt and uncertainty.
 Indo-Pacific Trade System Database (DynCoopNet 
Picazo)
 This database stores an enormous amount of information 
related to commercial networks, ports and maritime routes in 
the Indo-Pacific area during the First Global Era (1400-1800). 
Trade relations of the various ports of the Mediterranean to the 
Indian Ocean during the late Middle Ages show that from 1400 we 
can speak of a true first global age. The economies of both areas 
were completely interlinked, cooperating with one another with a 
common purpose: the increase in business and the spreading of 
commercial networks to supply markets.
 From the data integrated in the GIS the system will analyze 
the commercial development of the Philippines, its main ports 
supplying the various “forelands” that were connected to Manila, 
according to that classic definition of Weigend.239 We will also study 
what was structured as hard mercantilism of the metropolitan 
authorities of the Hispanic Monarchy, the coercion that was 
performed on the merchants and residents in Manila and the 
reason for it. We will present in detail the connections with other 
areas in the Philippines, the economic dynamics that followed 
trade, its evolution and, indeed, the changes suffered. Some of the 
data stored in the database are: boats and skippers, nationality of 
239 Guido G. Weigend, “Some elements in the study of port geography,” Geographical Review 48 
(1958): 185-200.
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the port of origin, goods, type of products  (silk, iron...), the value 
of the load, cooperation and collaboration aboard the ship, and so 
on.240 
 The objectives pursued through the integration of this 
database in DynCoopNet GIS are as follows.
 Î&UHDWHDGDWDEDVHRISRUWV
 Î0DNHDGDWDEDVHRIWKH3KLOLSSLQHWUDGHUHODWLRQVZLWKWKH
ports in the Indian and Pacific Oceans.
 Î/LQNLQJWKHSRUWVWRWKHLUUHVSHFWLYHKLVWRULFDOFDUWRJUDSK\
whenever possible.
 Î([SORUH WKH YLVLEOH FROODERUDWLRQ DQG FRRSHUDWLRQ OHJDO
trade) and the invisible one (illegal trade).
 Î$QDO\]HWKH(XURSHDQVÉSHUFHSWLRQRIGLVWDQWPDUNHWVDQG
their main ports, comparing the ports depicted on the historical 
maps with the ships recorded in the database related with the EIC 
(East India Company) and the VOC (Dutch East India Company).
 Î $QDO\]H WKH LPSRUWDQFH RI D VSHFLILF SRUW Æ 0DQLOD 
between 1600 and 1700: products, traders, values, and ports of 
trade.
 Î$QDO\]HWKHHSLVWRODU\UHODWLRQVEHWZHHQWKHDJHQWVIURP
the EIC and the VOC in order to understand how the information 
flow was devised and evolved among agents settled in Asia, as 
well as how the various networks were structured and the level 
of activity sustained between the various members of the network 
and with the companies’ central offices.
240 Cf. Chapter 8 of this book.
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 Financial System of the Hispanic Monarchy Database 
(DynCoopNet Alonso)
 This database contains information related to power and 
the tax system in Modern-Age Spain – 16th century. It was originally 
built in Access® format. It is basically a database with extensive 
information on high-rank people that had dealings with the 
treasury, such as fiscal officers, collectors, lenders, factors, etc. The 
geographic location assigned to these agents – essential for their 
GIS inclusion – was determined by the places they lived in but also 
by the places in which they carried out their professions.241 
 At the time of collecting information great importance was 
given to the storing of personal relationships or links among all 
these agents as well as their commercial dealings; among other 
things, the kinds of taxes they levied – sales tax, customs duties, 
tolls, tithe, etc – or the relationship’s typology – debtor, financing 
partner, creditor, owner, etc. Each agent’s historical professional 
record throughout time and space has been stored – hence the 
combined spatio-temporal component; and, among others, titles of 
nobility, professions undertaken, official posts held, administrative 
positions held, their states (and their states’ source, such as purchase, 
inheritance, donation, etc.) have also been specified. To sum up, 
in this database the study of the individuals and their relations 
are on the foreground. And in order to extensively analyze such 
complex social networks, a great deal of data has been stored on the 
epistolary relationships among the various agents and institutions 
at the time – e.g. the Royal Council of Castile, the Contaduría Mayor
241 Cf. Chapter 7.
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 de Hacienda (Treasury’s Accountancy Agency), etc. The following are 
three of the scientific objectives pursued with the implementation 
of this historic GIS.
 Î &UHDWLRQ RI D FRPSOHWH UHJLVWU\ RI WKH HYROXWLRQ RI WKH
agents’ income throughout time.
 Î $QDO\VLV DQG YLVXDO UHSUHVHQWDWLRQ RI FRRSHUDWLYH
interactions between agents as well as trade flows and network 
dynamics.
 Î$QDO\VLVRIWKHUHODWLRQEHWZHHQWKHFRPPHUFLDODFWLYLWLHV
of the financial system in the Hispanic Crown in the 16th century, 
space – a wide geographic range – and time.
 Conceptual model for spatial and temporal historical 
data: design and implementation
 The approach from which the DynCoopNet system has been 
designed is that of Software Engineering, which is an IT discipline 
that offers methodologies and techniques for developing and 
maintaining high quality software.
 The model utilized for developing the needed software is the 
spiral lifecycle one. This model represents the various development 
stages in cycles. Each cycle means a milestone within the project; for 
instance, the innermost cycle may refer to the systems’ feasibility, 
the following cycle out would be the definition of requirements, 
next would be the designing of the system, etc. Each cycle is divided 
into four sectors or phases.242 
 Î'HILQLWLRQRIPDLQREMHFWLYHV
242 Ian Sommerville, Ingeniería del so"ware (Pearson Educación, 2005).
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 Î5LVNDVVHVVPHQWDQGUHGXFWLRQWKURXJKFDUHIXOSODQQLQJ
 Î 'HYHORSPHQWDQGYDOLGDWLRQRQFH ULVNVDUH LQGHQWLILHG
the appropriate model is followed for the development of the 
system.
 Î3ODQQLQJWKHSURMHFWLVUHYLHZHGDJDLQDQGDGHFLVLRQLV
made to move on to the following stage.
 The design of the model has been done by means of 
successive approaches, by technicians and historians working in 
close collaboration, with the objective of defining the scientific 
necessities of the latter so they can be transferred to the conceptual 
model. Periodic interviews and working sessions have been held 
in order to outline the functional requirements, that is, the list of 
operations the system should handle as well as the questions it 
should answer, as far as possible. With this feedback a prototype 
has been designed that will grow and be modified as meetings 
progress. Once a stable model has been achieved, that is to say that 
there will be no longer new functional requirements, a prototype 
has been created that has to be validated by the user in order to 
assess if the model really fulfils the initial functional requirements.
 Within the typologies of data models we have chosen for 
this project one of the most popular models - the so-called entity-
relationship model (ERM)243. It is a conceptual data model – also 
called semantic model – used for representing data structures 
within a system. It is thus named because it displays data in terms 
of entities and relations defined by those data.
 In order to arrive at an ERM several previous stages must 
be completed.
243 Peter-Pin Chen, “!e Entity-Relationship Model: Toward a Uni"ed View of Data” ACM 
Transactions on Database Systems 1 (1976): 9-36.
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 Î ,GHQWLI\ WKH V\VWHPÉVSUHUHTXLVLWHV WKURXJK WKH VRFDOOHG
use cases.
 Î)XOILOWKHXVHFDVHVWKDWKDYHEHHQLGHQWLILHGE\GHVFULELQJ
the classes or entities that support those cases; such entities can be 
control, entity or interface, depending on their semantic purpose 
within the system.
 Î /DVWO\ WKH GDWD PRGHO LV REWDLQHG E\ IROORZLQJ FHUWDLQ
transformation rules – metric 3.
 Data are fed into the GIS; but in order to gain access to those 
date they have to be modelled into a specific physical structure 
through an ERM.  Therefore the future operation of the GIS will be 
directly linked to the quality of the system’s data model previously 
designed, hence the crucial significance of an efficient design.
 One of the design stages of the ERM is the normalizing of 
the database, which consists in applying a series of rules in order 
to ensure data integrity through the prevention of data redundancy 
and/or duplicity. In DynCoopNet data model data normalization 
complies with Boyce-Codd Normal Form – BCNF244 in order to reach 
thorough control over data and thus ensure the system’s quality 
and of the end result.
 The referential integrity has also been designed to ensure 
that the relationships are safe in the event of deletions or alterations 
on the database as these can affect the logical integrity of the model. 
In this sense, the model has been provided with classification tables, 
which hold first and last names, ship typologies, merchandise types, 
etc. This kind of tables allow the user to verify whether the record 
he/she is trying to insert is unequivocally in the database or not, 
244 Cristopher J. Date, An Introduction to Database Systems (Addison-Wesley, 2004).
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thus allowing the detection and prevention of an incoherence (for 
example “Hannah” is different from “hannah”).
 
 The model’s spatio-temporal dimension
 As previously explained, the model that has been developed 
comprises both the spatial and the temporal components. The 
former is located in the table named geographic location, which table 
provides, under PostGIS, the basis for geo-referencing geographic 
entities of a point or polygon type (zones). This module adds support 
for geographic objects to the Object- Relational Database that 
has been chosen to store data in this project - PostgreSQL245. This 
spatial module has been chosen as it has been certified by the Open 
Geospatial Consortium (OGC), which guarantees its interoperability 
with any other interoperable systems.
 The model’s main entities – agents, ships, companies, etc – 
are related to specific geographic locations (Fig 2). The temporal 
component is attached as an attribute field to certain entities with 
an annual granularity for the temporal range of the historical 
analysis – 1400 to 1800, thus enabling it to be 
utilized in the data analysis as one mere variable just as the spatial 
component is in the studies usually conducted with GIS.
245 Stephan Holl and Hans Plum, “Powerful GIS Functions in the Database System PostgreSQL. 
PostGIS,” GeoInformatics 12 (2009): 34-36, http://#uidbook.microdesign.nl/geoinformatics/03-2009/#0.
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Fig 2. UML diagram showing the model’s spatial component
 Model components
 The physical model presented by the GIS-DynCoopNet links 
two large blocks of historical information compiled from very 
heterogeneous sources: on the one hand the life-cycle of the ships 
involved in the commercial operations at the time, which includes 
every single trip detailing port of departure, stopovers and port of 
arrival as well as the commercial transactions carried out on each 
of those ports and the incidences that took place on each trip; and 
on the other hand the cooperation relationships established by 
the different agents in specific geographical places – agents here 
are either private individuals that established various forms of 
association forms, or large monopolistic companies (Fig 3).
 Both blocks are correlated in the model, which will allow 
subsequent analyses that will open new perspectives in the 
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understanding of the behaviour of these self-organizing networks. 
Such analysie will respond questions in specific geographical 
spaces (the GIS will integrate three spaces clearly differentiated 
by their geographical localization as well as by their behaviour as 
commercial networks: the Spanish Atlantic of the Indies Trade and 
its links to other trade areas, the Asian merchant system and the 
routes of the Asian southeast ocean, and the financial system of the 
Hispanic monarchy) and in specific temporal moments.
 The conceptual design therefore emphasizes the relationship 
between the previously specified information blocks. This way the 
system is able to detail the cooperative relationships among the 
agents that played different roles within the large monopolistic 
companies or in the private societies created by the agents and 
which showed, on occasions, relations among them. Such relations 
showed a connection between those trading activities with the 
movements of the ships at the time in the various systems and 
subsystems, the cargoes transported or the incidents occurred on 
each marine route.
 Based on the captures of requirements and by applying 
standards and algorithms a scheme has been obtained with 56 
normalized tables. 22 out of these 56 are apt to logically connect the 
records whereas the other 34 contain types and entities that typify 
and build the model’s pillars.
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Fig 3. Conceptual Data Model of GIS DynCoopNet in UML notation
 
Now we are going to describe the data model in detail:
 
 One of the two main blocks of the model is the ships one. 
The trading history of each one of them is conceptualized in what 
has been denominated spectrum, which refers to a ship’s state in a 
specific moment in time and in a specific location (spatio-temporal 
component of the GIS) (fig 4). This will allow us to follow up on a 
certain ship on each and every one of the commercial trips it was 
involved in, as a result of the different cooperation relationships 
(grey) established among diverse agents, whether at individual level 
or as global monopolistic companies. Among other capabilities, this 
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will enable us to visualize in the GIS over a base cartography the 
routes followed by the various ships or the fleets those ships were 
part of, the incidents that occurred, the volume of traded goods, etc.
Fig 4. Data model: block ‘ships’, components and relationships
 The model’s second great block is the agents one and the 
information related to them (Fig 5): family relationships with other 
agents, religious confession, residences where they developed their 
commercial activity, positions occupied, institutions they worked 
in, and even the epistolary relationships (blue) maintained with 
other merchants, etc. The design in this block has been devised 
to be subsequently capable of describing and representing the 
cooperation relationships among the different agents in specific 
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geographical locations (pink).
Fig 5. Data model: block ‘agents’, components and relationships.
 
 The two previously presented blocks are connected through 
what has been denominated cooperation, commercial relations 
among agents (Fig 6). An agent is in fact a merchant that, either 
he/she temporarily associates with other agents for a specific 
commercial dealing materialized in the trip of a ship loaded with 
certain goods (and with some specific epistolary relationships 
on occasions), or they belong to one of the existing large global 
monopolistic companies in the period under study; either way this 
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agent plays a certain role in that commercial relationship (factor, 
agent, master, loader, etc.). This block is the central axis of the data 
model, establishing the relationship between the two previous 
large blocks: ships and agents.
Fig 6. First: Ships and agent Relational Data model. The Second Figure: Data 
model: block “cooperation” and “cooperator”, component and relationship. 
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 There are various ways to incorporate the temporal 
component into a database. In the present case time is a mere 
attribute of the entity or geo-referenced objet – i.e. the port of 
departure on a ship’s specific route has a specific date attached, 
or an agent carries out a specific administrative operation in a 
town between two dates, or a letter arrives at its destination on a 
specific date, etc. By doing this an analysis can be conducted on the 
networks, modelized as relations of cooperation or ships’ routes, 
in a defined time period, or their evolution within that period – 
for instance, cities or ports where commercial activity is focussed, 
influential merchant families, kinship relationships between agents 
located in defined geographic spaces, etc.
 Social Network Analysis
 The network analysis is the area responsible for analyzing 
networks based on the network theory, usually known as graph 
theory.246  Networks can be of various types. As far as DynCoopNet 
is concerned networks are of a social type and are made up of sea 
trips of ships, of merchants and companies, and of the commercial 
relations established among them thus creating a whole, huge 
cooperation network.
 Within the designed data model all entities are related. 
Ordinary entities representing ships, agents and trips, etc, are space 
located by means of the entity Lugargeografico, whereby analyses 
and studies can be conducted by using the spatial component. 
Entities named puerto, residencia, agente or ciudad are related 
246 Robert A. Hanneman and Mark Riddle, Introduction to social network methods (Riverside, CA: 
University of California, Riverside, 2005).
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to entity punto, which means that these entities have geographic 
semantics.
 From this definition of a detailed model, the development 
team will endeavour to use tools, algorithms or mathematical 
models in order to obtain information and study the reality 
offered by the modelled data. There exist a number of models and 
algorithms that can be applied to obtain information on networks; 
they range from the fundamental, such as Dikstra, Kruskal, cover 
trees, etc247, to artificial intelligence algorithms, such as A* search or 
heuristic search algorithms.248
 A clear example of integration and use of these geographic 
entities in data modelling is the study of sea traffic between ports. 
Fur such a study we use the ships’ stages along their routes; we 
count them up in order to obtain the port’s weight. A traffic network 
can be viewed as represented in a weighted directed graph.
 The charts below show two networks – one (Fig 7) depicting 
sea traffic between ports, and another (Fig 8) displaying relations 
among agents. On the basis of the proposed model various types 
of networks could be superimposed in order to obtain additional 
information on the phenomenon of cooperation.
247 !omas H. Cormen, Charles E. Leiserson, Ronald L. Rivest and Cli$ord Stein, Introduction to 
algorithms (Cambridge: !e MIT Press, 2001).
248 José Mira, Ana E. Delgado, Jesús G. Boticario and Francisco J. Díez, Aspectos básicos de Inteli-
gencia Arti#cial (Madrid: Sanz y Torres, 1995).
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Fig 7- It shows maritime traffic between ports where ports are represented 
by their identifiers.
Fig 8 - It represents the relations (lines) among various agents (squares). 
The relations’ notation specifies whether the relation is of kinship or of a 
commercial nature.
 Due to the model providing a vast amount of information 
on ships, routes, ports, agents, relations of cooperation, etc, the 
need arose for designing and implementing an optimal subsystem 
responsible for handling all this information and exploiting the 
networks that make up the sub-system of networks together with the 
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model of analysis. The software under this subsystem is snGraph, 
and has been liberated under Attribution-NonCommercial 3.0 
Unported Licence.249 
 This system stores internally the data in a hash table250 
with pointers in linked lists which, in turn, have vectors holding 
weights and relations. This information held by the system can 
thus be easily exported to other systems, such as the social network 
analysis program, UCINET.
 The following is one of the typologies of graphs than can be 
generated – Fig 9.
Fig 9 – It depicts the relations (lines) among entities (ellipses) and
their weights (cardinality and thickness of the lines)
 The above graph is internally stored in the system with the 
following data structure, in which the red-dotted squares refer to 
the entities (ellipses in graph above) and the unbroken lines give a 
picture of the relations and their weights.
249 Roberto Maestre, snGraph. So"ware óptimo para manipulación de redes libres de escala, http://
digital.csic.es/handle/10261/27556 (acessed November 29, 2010).
250 Donald E. Knuth, !e Art of Computer Programming: Sorting and Searching (Addison-Wesley, 
1998).
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 This format is easily exportable to UCINET251 software in the 
following way.
 In the scheme above the first digit is the entity’s identifier, 
the second is the identifier of the related entity, and the third 
represents the relation’s weight; the latter could refer, in a real-
life analysis, to any variable to be studied, such as the number of 
times the ship calls at a specific port, the volume of a particular 
251 Steve Borgatti, Martin Everett and Lin Freeman, UCINET, http://www.analytictech.com/
ucinet/ (acessed August 31, 2010).
dl n = 5 format = edgelist1, y
data:
1 2 1.0
1 3 2.0
1 4 3.0
3 2 1.0
3 4 2.0
5 1 2.0
5 2 3.0
5 4 1.0
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good sold in a city, or the number of letters exchanged between two 
agents. From this array representations of the following type are 
automatically generated – Fig 10.
Fig 10 – Type of graph generated by the UCINET software using snGraph
conversion.
 The following shows a complex model of cooperation 
between agents by the use of commercial companies and relations 
of kinship as analysis variables in the network – Fig 11.
Fig 11. Representation of the network generated from data on agents and 
their commercial relations.
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 Currently work is being done to combine traditional GIS 
tools with this specific type of software that generates these forms of 
network graphs so nodes in the network are shown in their specific 
geographic location - the nodes could be the cities where agents 
conduct their commercial operations, or the ports of departure 
for ships, or the destination of epistolary correspondence between 
agents – and lines link points that are related in that network. This 
way the spatial component will be visually integrated into the 
study, thus reaching an important milestone set by historians for 
DynCoopNet.
 
 Geovisualization tools
 
 The final objective of GIS is to obtain derived knowledge 
from spatiotemporal relationships and behavioural patterns of 
self-organizing networks in the First Global Age. It will also be 
able to detect high-priority trading areas; analyze the effectiveness 
of each of the networks in socioeconomic terms; identify which 
sociological mechanisms among agents helped to sustain high 
cooperation levels (commercial associations, family relations, 
religious confessions, patronage and sponsorship...) and facilitated 
the exploitation of certain commercial areas instead of others; and 
depict the evolution of these networks throughout five centuries of 
history.
 With the first data integrated into the proposed model 
various geovisualization methodologies are beginning to be used. 
Representation of spatiotemporal data is a complex issue and is a 
current technical challenge within the world of GIS. Here follows 
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some of the approaches tried so far.
 The use of time-lines to represent the various events since 
each one of them has a specific direction determined by the start 
date and the end date. Every event means a change, whether in 
the object’s location, the contents of its attributes, or the way it 
relates to its neighbouring objects (topology). It is also a dynamic 
transformation that needs to be depicted as well as the progress 
of time. In this sense, it is being considered the use of the ESRI® 
ArcGIS... Tracking Analyst extension, which allows for the 
visualization and analysis of temporal data by defining events, 
including time, location, and attribute information. ArcGIS Tracking 
Analyst enables us to explore, visualize, and analyze information 
relative to time, location, and change. It provides capabilities for 
the sophisticated visualization and analysis of time-related data by 
defining temporal events that consist of the following information: 
time (the date and time of the event), position (the geographic 
location of the event), and attributes (object-specific characteristics 
and properties). ArcGIS Tracking Analyst (Fig 12) extends the ArcGIS 
Desktop with time series and real-time visualization of change.252
 With this type of geovisualization tools data are 
circumscribed to a time line and a specific spatial location, 
breaking away from the traditional way of representing events 
in independent layers and thus greatly increasing the analysis 
potential (Fig 12).
252 ESRI. 2004. ArcGIS 9. ArcGIS Tracking Analyst Tutorial, http://webhelp.esri.com/
arcgisdesktop/9.3/pdf/Tracking_Analyst_Tutorial.pdf (acessed July 31, 2010).
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Fig 12. ArcGIS Tracking Analyst showing a time-line and a maritime
commercial route in the 18th century.
 
Various other ways of representing spatiotemporal 
geography with the project’s data. Several previous experiences 
have used the so-called space-time cube253 in which there are 
threedimensional axes where x- and y-axis are the flat spatial 
coordinates and the vertical z-axis represents time. In this cube 
when the object’s location remains invariable throughout time it 
is represented by a line perpendicular to the xy plane. The team 
of Spanish GIS experts within DynCoopNet have been conducting 
preliminary trials with an extension of the ESRI ArcGIS® 
sortware developed by the University of Tennesse in this line of 
visualization.254  With this extension, users can visualize tracking 
253 Torsten Hägerstrand, “What about people in Regional Science?,” Papers of the Regional Science 
Association 14 (1970): 7-21.
254 Hongbo Yu and Shih-Lung Shaw, “A Custom Extension of Extended Time-Geographic 
Framework Tools in ArcGIS” in Towards a GIS-based Analytical Time-geographic Framework for Physical 
and Virtual Activities (2006) http://web.utk.edu/~sshaw/NSF-Project-Website/ (acessed april 15, 2010).
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data at individual level (e.g., survey data of individual locations 
over time such as migration history data, or commercial routes) 
in a space-time GIS environment. In addition to the space-time GIS 
visualization tools included in this extension, they have developed 
exploratory spatiotemporal analysis functions based on an 
extended framework of Hägerstrand’s time geography for studying 
individual activities in both physical and virtual spaces (Fig 13).
Fig 13. Interface and representation of example data by the FREE “Extended
Time-Geographic Framework Tools Extension” for ArcGIS 9.3.
 A further type of representation very useful when depicting 
any types of network is the so-called spider diagrams (Fig 14), in 
which the GIS incorporating them displays as dots the related 
entities – ports, cities, etc – and as lines the relations established 
among the entities regardless of the type of relation or variable 
being represented.
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Fig 14. Representation by means of ‘spider diagrams’ of the epistolary 
relations among agents located in various cities over a specific time period. 
The thickness of the lines represents the number of letters exchanged. This 
representation is done on a free-access extension for ArcGIS 9.3.
 Further to the representation of social networks or the 
creation of interactive, dynamic maps integrating the temporal 
component, there is a type of representation very useful to 
researchers – the traditional thematic maps analyzing a specific 
alphanumeric attribute (Fig 15). In this line, the potential offered 
by GIS when it comes to making the most of such complex and 
dense DDBB is unparalleled.
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Fig 15. Thematic map done with ArcGIS 9.3 representing the Indo-Pacific 
system which shows the evolution of spatial perception -15th to 18th 
centuries – through the allocation of cartographic weights to the ports in 
diverse periods.
 Conclusions and future
 The GIS applied to historical research under development 
within the framework of the DynCoopNet project will implement 
the spatiotemporal component with the ultimate aim of conducting 
the analysis that will shed light on the functioning of the self-
organizing social networks in the First Global Age, on the patterns 
of behaviour that governed and sustained these networks and 
ensured their success, on the interactions that occurred among the 
entities that formed these networks, and on how the changes in 
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some of them had an impact on the rest.
 The Spanish Atlantic of the Indies Trade Database 
(DynCoopNet Crespo) as well as the DynCoopNet Data Provider 
interface are currently hosted in the Digital Repository of the CSIC - 
(http://digital.csic.es/). The latter will be used in a local environment 
at this early stage in order to facilitate the integration of the 
DDBB mentioned earlier in this article, thus feeding the GIS that 
will handle the available information in an integral way through 
powerful tools for spatiotemporal analysis and visualization.
 This ability to create knowledge that is derived from an 
objective analysis of the data collected by various researchers 
from different historic sources is a feature of the GIS. The future 
endeavour is to a) develop further, more flexible, spatiotemporal 
conceptual models that allow the system to self-feed with future 
data from further sources, b) design more efficient and user-
friendly software tools, c) create more efficient query languages 
and/or geovisualization methods that make for greater ease of 
interpretation of the results, d) in short, develop new technologies 
that are capable of responding to these types of questions where an 
interrelation exists between time and space.
 Once the conceptual and methodological hurdles are 
overcome which imply approaching the historical issues from an 
integrated spatiotemporal perspective, the future will require the 
development of new tools allowing the interoperability between 
several historical sources whose themes and time ranges are 
similar. This means focussing the attention on the high potential 
of the Spatial Data Infrastructures (SDI) to share geospatial 
information within a common framework. The harmonization 
Self-organizing Networks and GIS Tools
Cases of Use for the Study of Trading Cooperation (1400-1800)
189
and interoperability between systems is a very complex issue, and 
this complexity greatly increases when the temporal component 
is added. Hence the highly ambitious approach to the future 
challenges in this field.
